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[Following is the translation of an articie
entitled "Zavislmos ' Isotopnogo obmens Vodorods
{ Kisloroda v Rastvorakh ot Stroyenlya Molekyl
(English Veralon Above) in Veprosy Ehimlcheskoy
Kinetiki Fatalize i Rezkialonnoy Spoacbrnosil
{(Problems of Chemical Kinetics of Cataliysls

snd Reaotion Capability), Moscow, 1955, pages
18a23,7 | ,
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HYDROGEN EXCHANGE
i

Lecording to the dootrine of 4, M, Butlerov, the
rroverties of molecules are determined not only by the ‘
number, nsbure, and order of the atom combinations but also
by their mubusl effect. Therefore, extrapolstion of proper=
ties which are impsried by abstract (isolated) bonds to the
properties of the seme bonde in molecules represents only a
erude eoproximation, which in meny cases leads to & contras=
dletion of exverience, ,

Simple and characteristle examples of the strong
infinence of siructure on the behavior of atome with similar
bonde but in different moleculss can be found in data
gealing with the veloeity of hydrogen isotope exchange. _
These exsmples are of interest because, 1in them, the declding
role is played not by the dlsplacemwsnt of electron ghelle
under the influence of the nelghboring atoms and groups
{effects of induection and 1inkage), which are preferentlally
shudied in eontemporsry theory of organic chemislry - bubt by
the gqualitative differsnces connected with the particlpsw=
tion of these shells in the Tormatlon of 4ifferent valensy
bonds, ,

InNeH, O=H, = H, CL = H bonds &and in other
bonde in the majority of compounds studied so far, the
exehange of hydrogen to deuterium of the polar donora
{for example, Ds0) 1o carried oub with immeasurable speed,

T+ is accepted that this kinetie exchange 1s typleal for
the noted bonds in any molecules in contrast to the ex-
chenge in G=H bonds which 1le possible and proceeds &t &
speed admitting obsermatlon, only 1f the bond is ruptbured
or actlgnted by the corresponding substlitutes or catalyzers,




However, 1t is known that in a series of amin@@ompl&xés
in ammmnium &ibavow, and in B%”, the exchange in the ?md
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f%, 8/ expressed & & azry ﬁﬁ3u~uﬁ that the veloelty of the
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uvwwayﬁ“ gxchoange in the Z=-H bond substantially u%@ﬁ.ﬂ@
not 8o mush 3 nature of &h@ : ¥ as on the bonde

ztween the elsctrong in itg ghel th tning atomns,
ip this shell there sxisls a p free electrons,

'y
deuteron) m
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then the oroton jor, corrvespondling
tach lteel? Lo it wiub the siamultis
the other proton (deuteron) from
this shell In &8 singl e elemenﬁarg Tﬂ&w leadg ta &ﬁ
exchange, th setivating energy of which can he esptlmated
at 2«3 koal/mole by analogy Wath s simllisr process of
proton tranzitlon in the meehenlsn of elsctroconductivity
acoording to Crotgoes. Buch an exchange musht proceed very
rapildly even at low te*%%ratuv@ In m**anz ﬁﬁ%ﬁﬁ@ﬁﬁ% free
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glectron pairy 4o not @Ai in proxinity to the hydrogen
atom in C«H bonds and the aatﬂahumﬁu of & ;zat%z fﬁﬁwvﬂwﬁﬁ}
reculre: runture of the L«H bond st the same elemenitary
&c% f% hefors 1ty only after ithis wmey there form 8 new

T

oY
valence bond. This procesas vaiau 3 demands
agﬁai&w%ﬁr?e setivating energy and the exchange slther dves
1ot procssd or Ll more or lees retarded,
The firet type of exchange was conditlonally deslgnated

ag fost end the gecond as slow, This, of course, doez not
agxciude the pasaAhiL*%y that 1ln sseparate csses th% egchangs
sacording %#Qw mechaniem is capable of proceeding
"alrl An renﬁiw¢ clasaification feature for
Sed e ““WiQKE is the effect of substliiuites and
A4 p;&{ a deciding role in the mechenisms

F W but which are ﬁ@?wﬁ”SQﬁk¢53 {zt least

3 i“g camtwmp@raw’ level of kinetlc study QL
very fast resctions) for a mechanlenm of rapid exchange.

In opder to subsitantiate this theory, my covorkers,
Lo Ve Bulima and I. G, Ehoskln, arranged seversl experie
ante It was found that in @gmtﬁsat to smnonis, in the lon
andum, wg&ﬂa free electron palrs &o not exlst near
of nit ToRen, the exchenge proceeds with & messura-
city and decslerates even more in the pressnce of
agiﬁﬁﬁ Wa jyplainzﬁ ﬁhiﬁ by the faot that the sxchange
prosesds noet in the LH4 &t@ﬁlx but in ammonie, which

existe in ﬁy&rcmyuic sgullibriue, so that the sxchange
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aifference in the acidlty of both partlecipants of the eXe
change, sultable substitutes, snd the Junetion of the bonds,
The first is manifested by gensitivity of the exchange
Lo sid=base ogtalysis and, in partlceulsr, in sharp
eha 9 velooliy during the transition from
B0 : . or UBr, as vwas shown ln recent bro :
investigations by &, I, Shatenshteyn /%/. 'The effect of subs
stitubes is well known in many examples of orgenlc-compounds
exohange, &g for effects of linkage in hydrogsn gxchangs,
the linkege £~ nesz the grealtest effsct (becsuge the X=H
bend i & § bond), as was esbablished by A, N. Nesumeyanov
/87 end ezperimentally- substantiated by
works of A, N, Nesmzyanov, D, N. REursanov 75/, A, I, Shaten-
teyn /8/ and G. F. Maklukhin /6/,

Kere we bre not examining the radicsl exchangs
mechaniem in solublons conneeited with the homologous ruplurse
of bonds, inssmuch as the materizl on hand ls insuffliclent
for generalized conclusionsg.
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OXYGEN EXCBANGE,

1
The exchsnge of oxygen isotopes iu a solution differs
considerably from the exchange of hydrogen. It almost

alvweys proceeds slovwly and strongly and depends on the acldlity
or basieldy of the medium., The selectlon ot the objects
snd onnditions in connection with its study has been for the
most part of & sasual charecter sund the experimental resulis
af verious subthors have besn completely contradictory.
411 thiz hinders cbtaining generslized conclusions with
reforensze Lo OXyEsn exchange, :
From the many varisnts of oxygzen exchange, the most

it eppear to be the following:

Y An exchangs in anlons through formation of free
acide or thelr anhydrides, for exsmple:

HSO; + HY = 50, 4+ 11,0,

tn this menner, various suthors explsinad ths ey
cnange in HMBGS, HSOQF, Cof~, Cn0y, CIOY, S0, HCOY, GOy
snd ss Torih. However, some of the gubstanceés also ex-
change oxyeen in an alkallne medlium, Tor which the noted
mochanien is unsuitable, The more so as 1t does nol agree
with the oseaslonally observed alkeline catalyses (bichroe
maten, silicates, and so forth}l.

b} An exchange through an addition - subtraction of
the bydroxyl 1s the method scmetimes offered for explalnlng

=4
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the exchange in cerbonyl complexes under the conditlons of

aLk&liwcﬂUaiygxaé Thie mechanisn has only limited c¢ircula-

on, It explaine uneither the exchange in the acld medlum,
ra 50 = the often observed orgenlc anions of

“yg%% 8/,

e through in;?auinﬂg @iti“

fhe ; jdiﬁ@a@ﬂ @* the provon.

ﬁh&nigu, mf wgmﬂuw ully explains the exc Fﬁﬂ?“ 0” hy‘

5 it

1

groups of strong bases with water, but it is Found w
fieulty and requirss artificlal supplementary allgwa
other ¢RESB,

' 4) An exchonge through hydrolysis, for example:

3Cr0YT b HoO = O - 20H".

An exchange in B, B B0, 8105, CrlfT, Gy
and obhers wos explained in this manner, Undoubtedly, thle
macnaﬁism &e erves attenitlon, particularly for saplons of
wealk aclds, where it i éatxrely probable, In & serdsas of
CHBGS, %Q?Mq ey, it does nolt agree with the ashapscteristic
effect and baseg on the velocit ty of the exchange and with
the ﬁi ruption of the relationship between the exchouge
velocl ; and the acid sbrength,

&) An exchangs ghﬂaugn addition of water with Torgs-
tion of the ortho - form, for example:

oa-

H

®-CHO % K e E%ailﬁii'iiii
%,

N
Ol

Hush & pechandsm Eﬁpi&ihé satisrfactorily the exchange
in carbonyl of ar;a nic compounds and agrees viﬁﬁ the known
chemical propertles of this group. we made no attempl Lo
expialin other cases relsted to 1t. Wo will return %o this
warh@f%gm later.

7} Ve made an sttempt to characterize the aptitude
toward the oxygen exchange and 1lte veloeliy by meang of the
polarity degres of the X-0 group; it tekes place /7/, bub
an ub%ﬂﬂtivw conparison with the knowm exporimental JTacts
gubstantiates this point nf vi@w ordy to 8 elight degres,
arison of the avallabls but as yebt acarce material
ith nee Lo OXygen @X@?&ngﬁ in smlutima does not
iselose & simple connectlion with the nsture of the exchange
ompounds, As will be disclosed furth@r, amme sucecess in
nis direction can be achleved by considering lndlvidual
truetures of the elestron shells in molvents,

with
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2
Comparison of the velocity of the oxygen exchange in
aclds of phosphoras and thelr salte 1in work ol L, V. Bulinme
and the authoyr /9/ gives 2 perles (in bracikets -~ %“he half
periced of the exchange in hours snd the temperature of
experiment):

H,P@(< 0,2; 40"})_}}‘,903(6,5; 63°) > HPO, (70, 100%)
and for anions :

HPOT (10; 100°) > HPOZ™, H,PO;, HPOD™, POY (0; 1007)

«

PN

Tl

A1l three asclds possess & single structure
H,P (0) (OH), HP (O)(OH), and P {0} (OH},,

80 that 1n thls serles is clearly disclosed the retardation
of the exchange with the inereage of the hydroxyl groups
connected wlth phosphorus and slso at the Lransition of the
acld to 1ts anloni The found relationships can be gpatisfocw
torily explained by a mechanism ugually accevted for the
sxplanation of the exchange in the carbonyl groups: an
intermediate annexation of water according to a formal
double bond P=0

\ . OH

Nt S

—~P-0+HO=P

/
OH.

An lneresse in the number of hydroxyl groups, conw
nected wlth phogphorus, decreases the positive charge in the
latter and its ability to nuecleophilic annexeilon of the
water hydroxyl. In the senme direction, and even to a greater
degree, act the free negative charges on the oxypgen atome
in enlons,

From the fragmentary experimental meiterial which is
avellable today, it is posaible to arrive at the same conclue
siong for other casges of oxygen exchangs, Thls exchange

proceeds with ease in concentrated H,80, and HHO. {(where
w

#More rapid exchange in solution of a partialliy dissocleted
acid can not be attributed to acig catalysis in the anion,
insemuch as such a catalysls was not discloged in the S0l
tlons of these gsalte, Also, in the same solutions, no basle
cetalysls was ever dlsclosed,.

-3



undlasoclated molecules predominate) and in sslutions of
weak aclds H SQ ’ ) but mueh slower in the diluted
solutlions of g fig in acid enlons Hsoa, H80+, HCO»

T and even ﬁ?“”&? in gg% *EKé NOy and COF «»  SBlow exchangs
fa obperved In carhonaceous selds but not in thelr salt

The zame mashan Mw;rﬁpiauwv*?a abgence of exchange in

hydroxyl groups of aleohole and single substitutions phenols,

%

L4

_ We Thave no intention of applylng the examined me=
chanian %o all cases of gxg gen exchanpe. It 1s only possle
bie 1f the central aton poesesses the abllity of aseydizat@a
atbrection while the number of electrons in it% shell isg
1ncraaging Por instance, the absence of a nobtlceable

xehange in perchlorates should be atitributed to the
iﬂemﬁli v of c¢hlorine to expand 1ts shell in excess of elght,
in per¢0d&d@u, vhere such expansion is possible {for iusﬁ&mc&,
HgJﬁr) the exchenge proceeds exceedingly fasht, as was
63 ponstrated recently by N. A, Vysotskaya.

O the. other haﬂd, this mechanlsy requlires congidersae
ble polarization of the X-0 bond for nigration af alectrons
to the oxygen atom, The degree of such polarizatlon must
ba able « as was noted sbove = to strongly influence the
V%l@CibJ of the exchangs, -1t must depend on aubﬁtiuubegg

and on the linkage ¢ -Win the chaln , < Ea

P A

which in bturn depends on the polarity of the group %-0 /4/,
The polarity of the latter, obviocusly, is responsible for
the effect of the hydroxyl groups in the exchange of aclds
of phosphorus, whers the P«0 bond shows & binary character.

Further Investligeilons will diseclose how extensively
the proposed mechanisn of oxygen exchanges ocsurs.,, but from
the a%ia on hend 1t 1s possible to comclude that 1t is
elogely connected with the structure of electron shells in
molevu¢@%a
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